To assess the adherence level of antihypertensive treatment and identify any associated risk factors in a sample of hypertensive patients from China.
Introduction
High blood pressure (HBP) is considered one of the most challenging public health problems worldwide and reported as the leading risk factor for both cardiovascular death and hospitalizations. [1] HBP affects over 1.5 billion people globally and by 2025 an estimated 2 billion people will suffer from HBP. [2] One study showed that the leading cause of global disease burden was HBP, which accounted for approximately 7% of global disability adjusted life-years in 2010 and contributes to about 9.4 million deaths worldwide on an annual basis. [3] However, the control of HBP is unsatisfactory. In the USA, an estimated 53.5% of people diagnosed with HBP did not adequately control their blood pressure (BP). [4] A study involved a total of 50,171 subjects showed that the prevalence of hypertension in China was 29.6% and the control rate among participants being treated for hypertension was only 27.4%. [5] Poor adherence to treatment regimens is considered as one of the most important reasons for uncontrolled BP in hypertensive patients. [6] Adherence to hypertension treatment is defined as the process by which patients follow the agreed treatment regimens with their physician. [7] Therefore, it is necessary to measure hypertensive patient adherence and elucidate any barriers, thereby designing proper methods to improve adherence.
There are various ways used to assess adherence behaviors in hypertensive patients, which are divided into subjective reports (eg, questionnaire, inquiry), as well as indirect objective methods (eg, reminder packaging, mobile health, electronic medication monitoring). [8] [9] [10] [11] [12] [13] However, self-reporting methods, which have the advantages of low cost and being the simplest way to gather information, are the most commonly used methods to assess adherence behaviors. [14] There are a variety of self-reported questionnaires that have been used to measure adherence behaviors in hypertensive patients [15] [16] [17] [18] ; each of these has its own advantages and disadvantages. There is no consensus as to how nonadherence is defined, and a gold-standard method for measuring adherence does not exist. [19] The Morisky Medication
Adherence Scale (MMAS-4 and MMAS-8) are the most commonly used questionnaires and they have been established reliability and validity evidence. [20] However, the MMAS is limited because they do not include items related to lifestyle modifications [14] and includes only a small number of adherence barriers. [21] At present, most of the adherence questionnaires applied in China are translated versions of foreign questionnaires. Since cultural and economic characteristics are the key factors that lead to differences in adherence behaviors among different ethnic people, [22] translated versions of foreign questionnaires may not be suitable for Chinese populations.
To evaluate treatment adherence in Chinese hypertensive patients, Tang et al [23] developed the therapeutic adherence scale for hypertensive patients (TASHP). The TASHP has been demonstrated to have good psychometric properties by measuring internal consistency, test-retest reliability, and construct validity. It comprises 25 questions that are not only related to medication adherence, but also lifestyle intervention. Since this scale is designed according to the actual conditions of the Chinese hypertensive patients, it is more suitable for Chinese populations. There is a scarcity of studies using this scale to assess treatment adherence in Chinese hypertensive patients.
In this study, we aimed to use the TASHP scale to assess treatment adherence in Chinese hypertensive patients, evaluate the factors influencing adherence behaviors, and determine the interventions that improve adherence. The findings of the study can provide information for health care providers and policymakers for the improvement of treatment adherence in Chinese hypertensive patients.
Patients and methods
A cross-sectional survey was carried out by trained clinical pharmacists in the department of neurology, cardiology, and ophthalmology of the Xi'an Fourth Hospital. All the clinical pharmacists participating in this research had received standardized training on survey procedures and communication skills. This study was approved by the ethics committee of Xi'an Fourth Hospital and verbal consent was obtained from all participants.
The inclusion criteria for participants were:
(1) ≥18 years-old, (2) diagnosis of primary hypertension, (3) undergoing antihypertensive drug therapy, and (4) agreeing to participate in the study.
Exclusion criteria were:
(1) patients with severe complications of hypertension (eg, stroke and severe heart failure), (2) patients who could not communicate due to physical or mental problems, and (3) pregnant women.
The minimum sample size was calculated using the following formula:
where s is the minimum sample size, z is the standard normal variate, p is an estimate of the proportion of the patients who complied with their antihypertensive treatment, [24] d is the sample error to be tolerated, and the confidence interval was 5%; therefore, d is 0.05, z is 1.96, and p was estimated to be 35%, which was consistent with a related study. [25] As a result, the minimum sample size required for the study was 350, and 500 patients were finally recruited in this study. These patients were hospitalized in the neurology, cardiology, and ophthalmology unit during the period from January 1, 2018 to June 30, 2018 .
The patient data regarding socio-demographic factors, as well as clinical data that included duration of HBP, duration of antihypertensive drugs used, and BP categories, were collected by reviewing the electronic medical records of each patient. HBP treatment adherence was measured using the TASHP questionnaire. For illiterate patients, the questions were read by the trained clinical pharmacists to facilitate survey completion.
The TASHP questionnaire consists of 25 questions, which are divided into 4 categories. Category 1 includes 5 items that reflect whether medication was taken according to the type of medicine, dose, time, and frequency as prescribed by the physicians. It was called "adherence with taking medicines." Category 2, which is termed "poor medication behavior" includes 8 items describing whether patients do not adhere to medication therapy. For example, "How often do you forget to take your HBP pills?" and "How often do you miss taking your HBP medications when you feel better?" These 2 categories belong to medication therapy.
Category 3 (10 items) refers to adherence about lifestyle modifications, such as salt restriction, low-fat diet, consumption of vegetables and fruits, weight reduction, regular physical exercise, monitoring BP, release of stress, and so on, that was called "daily life management." Category 4 (2 items) refers to adherence regarding the control of tobacco and alcohol, which was called "smoking and alcohol management." Each item uses a 5-point Likert response scale:
(1) never/very rarely, (2) rarely, (3) sometimes, (4) mostly, and (5) all of the time, with 1 to 5 points assigned, respectively, and reverse scores are assigned for reverse questions (5-1 points) (See the TASHP scale in Appendix, http://links.lww.com/MD/ D56).
Possible scores range from 25 to 125, with a higher score indicating greater adherence. A cutoff score of 109 was used to distinguish satisfactory and low adherence behaviors. [14] The total Cronbach a coefficient of the scale was 0.862 and the testretest reliability coefficient of the total scale was 0.958. [23] The scoring criteria was used in a pilot study on a group of 30 patients diagnosed with HBP (Cronbach's alpha 0.904).
Data analysis
Socio-demographic data and clinical characteristics of HBP among the study patients were analyzed using descriptive statistics. The chi-square test was used to analyze univariate factors for treatment adherence. Binary logistic regression analysis was used to analyze independent risks factor for patient's antihypertensive treatment adherence. To analyze the association of demographic and clinical variables to treatment adherence in each TASHP category, general linear model was used with the total score of each category as the outcome variable. Since the total score of each category was normal, a generalized linear model with a normal distribution and identity link function was used. P < .05 was considered to be statistically significant. All statistical analyses were performed using SPSS version 19 (IBM Corp, Armonk, NY). Table 3 . Three factors were significantly associated with adherence: gender (P = .018), residence (P = .004), and duration of HBP (P = .048). Table 4 summarizes the result of the binary logistic regression analysis. Gender (P = .034), residence (P = .029), and duration of HBP (P < .001) were identified as being independently associated with antihypertensive treatment adherence. Comparing to females, males were less compliant (P = .026, odds ratio [OR] = 2.184, 95% confidence interval [CI]: 1.097-4.350). Urban patients were more adherent to their treatment plan than those from rural areas (P = .047, OR = 0.145, 95% CI: 0.022-0.971). The longer the time since they were diagnosed with HBP resulted in greater adherence for the HBP patients in this study (P = .009, OR = 0.909, 95% CI: 0.846-0.976).
The results of the general linear model analysis are shown in Table 5 . The score for each category is the sum of the scores of all items in the category. There were 4 factors for which the scores were significantly different in specific categories: gender, occupation, residence, and duration of antihypertensive drug use. For example, the scores obtained for gender were found to be significantly different in category 3 (daily life management). Female scores in category 3 were higher than those for males (P < .001). Since a higher score indicates greater adherence, females were more compliant in daily life management. In addition, category 3 was the main aspect of the compliance difference between genders. Category 3 was also the main aspect influenced by occupation. Retired patients earned the highest score, with employed patients having the lowest (P = .004), which indicates that the retired people were the most compliant individuals regarding daily life management. Patients in urban areas were more adherent than those in rural with the higher scores in category1 (adherence with taking medicines) (P = .024) and category2 (poor medication behavior) (P = .008). The longer of the time used antihypertensive drugs, the more adherent patients were in category 2 (P = .011) and category 3 (P = .034).
Discussion
Due to an increasingly aging population, hypertension has become a common global public health problem. Nonadherence Table 1 Socio-demographic characteristic of hypertensive patients.
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Frequency (n) Percentage Pan com to antihypertensive treatment in patients with hypertension is associated with an increased risk of stroke and cardiovascular disease. [6, 26] The purpose of this investigation was to study the treatment adherence of Chinese hypertensive patients and the associated risk factors. Since culture and economy are important factors that affect the treatment compliance of hypertensive patients, treatment compliance scales, and questionnaires produced in different cultural and economic backgrounds cannot be fully applied to other populations. In this study, we used the TASHP, which was demonstrated to be a validated and reliable instrument and suitable for the Chinese population.
This study revealed that only 134 patients (27.46%) adhered to their antihypertensive treatment, and most patients (72.54%) do not have satisfactory adherence behaviors. The adherence rate found in this study was much lower than that reported in some developed countries, developing countries, and other developed regions in China. [27] [28] [29] [30] [31] [32] Cultural and economic characteristics are crucial factors that may explain different levels of adherence among different populations. [22] This study was conducted in the northwestern region of China, which is an underdeveloped region. The treatment adherence of hypertensive patients in underdeveloped regions should be pained more attention and be provided additional health care resources by health care professionals and policymakers.
There are many factors that may be associated with the rates of nonadherence, including gender, age, location, cost of the medications, and socioeconomic status. [33] In this study, there were 3 independent risk factors related to antihypertensive treatment adherence: gender, residence, and the duration of hypertension. By dividing the impact of each risk factor on treatment adherence into 4 different categories, we found that gender, residence, occupation, and duration of antihypertensive drugs used had significant effects on treatment compliance in certain categories.
The association between gender and antihypertensive treatment adherence remains a subject of debate. Both negative and positive relationships have been reported in the literature. In this study, gender was a predictor of antihypertensive treatment adherence with females reporting better adherence than males. This finding was consistent with some previous studies, [25, 34] but opposite to several others. [35, 36] Another study showed that medication adherence in females was 1.531 times higher than that of males, but the difference was not statistically significant. [37] Our study revealed that the higher compliance of females is mainly in the category of daily life management (category 3). This finding is consistent with a previous study conducted on a Korean population, which showed that males were generally more associated with nonadherence to lifestyle recommendations, even if they were aware of their disease. [38] The possible reason is that females perceive and report their health problems more obstinately than men [39] and they would like to pay more attention to diet, weight reduction, physical exercise, BP monitor, and so on. In addition, males are usually busier than females and experience more heavy pressure from work, which may prohibit spending more time to make lifestyle modifications. 
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This study found that location of hypertension patients also affected treatment adherence. It was determined that patients lived in rural areas were less adherent than those living in an urban setting. This finding was not consistent with most of the previous studies, which showed no association between place of residence and nonadherence to treatment. [40, 41] This study revealed that the lower compliance of rural people than urban people was mainly in the category of adherence with taking medicines (category 1) and poor medication behavior (category 2). There exist large differences in cultural levels, economic status, and medical conditions between rural and urban people in China. A recent paper showed that although the urban-rural gaps in health care utilization have gradually narrowed, the urbanrural disparities are still evident in health care resources. [42] Rural residents tend to have less education, lower income, and more barriers to accessing healthcare than urban residents. [41] The main reasons for the unsatisfactory treatment adherence of rural patents were probably attributed to lack of adequate knowledge and the economic factors also being a contributing factor. Both drug adherence and BP control rate were significantly associated with hypertension knowledge. [43] Lack of health knowledge is common among the elderly in the areas of rural China. Low levels of economic development lead to minimal health knowledge transmission among the population in rural areas. [44] As better awareness of hypertension is a significant factor in improving treatment adherence, more appropriate health education strategies may be needed for rural hypertensive patients. Health education about hypertension is usually organized by healthcare professionals in hospitals or communities in the urban setting. Therefore, it is necessary for medical professionals to go to rural areas to convey hypertension knowledge. Furthermore, the society, government, and medical institutions should collaborate to help patients improve their hypertension awareness in rural China.
Since hypertensive patients requires lifelong continuous medical treatment, each hypertensive patient needs to allocate a specific budget every month to purchase medications. Furthermore, there is a wide range of rural people without any medical insurance coverage, even those who have medical insurance may not have all medications covered, and the patients may have to pay out-of-pocket. [36] The government should invest more in medicine, thereby expanding the scope and reimbursement ratio of rural medical insurance.
In this study, the duration of hypertension was found to affect treatment adherence. The longer of the duration since they were diagnosed with hypertension, the more adherent the patients were; this founding was consistent with previous studies. [32, 45] One possible reason for this was that it is convenient for elderly hypertensive patients to become knowledgeable about hypertension and its risks, so they have better medication-taking behaviors and tend to implement preventive measures such as decreasing salt intake, performing more regular exercise, controlling body weight, regularly monitoring BP, and managing stress. A study conducted on Canadian patients reported that few patients had lifestyle changes within 2 years after their diagnosis of hypertension. [46] We also found that the longer the duration they were using antihypertensive drugs, the more adherent were the patients in the categories of poor medication behavior (category 2) and daily life management (category 3). A possible reason for this is that with the extension of treatment time, patients gradually accept the fact that they are supposed to take their medication every day, and some patients who have negative attitudes eventually change their medicine taking and lifestyle habits.
As for occupations, farmers and employed patients tended to have poorer medication adherence when compared to unemployed or retired patients in daily life management; this is consistent with the findings of a previous study.
[ 47] A lack of awareness and busy work are the main reasons for this finding.
Our study findings highlight the importance of lifestyle modifications for better hypertensive treatment adherence. In the study, differences in compliance with hypertension caused by different genders, occupations, and duration of antihypertensive drugs used were mainly reflected in daily life management (category 3). Although effective antihypertensive medications are available for many people, especially urban dwellers, the hypertensive treatment adherence and control rate are still unsatisfactory. [48] According to previous reports, lifestyle modifications that mainly include dietary adjustment, exercise, weight management, and stress release was a promising tool for promoting the prevention and control rate of hypertension. [49, 50] However, some hypertensive patients principally rely on medication and do not comply with lifestyle recommendations. Therefore, it is necessary for hypertensive patients to understand that lifestyle modifications are also essential for BP control. Health education on lifestyle changes of patients in self-managing their hypertension should be strengthened. Our study has some policy implications. It was found that gender, residence, and duration of HBP were significantly associated with treatment adherence. Hence, evidence-based interventions, such as educational programs, could be used to target hypertensive patients who are male, live in rural areas, and/ or have a short duration of HBP, to improve their treatment adherence. Meanwhile, differences in hypertension treatment compliance caused by different genders, occupations, and duration of antihypertensive drug use were mainly reflected in daily life management, which suggests that changing patient perceptions towards the role of life modifications could be a primary focus of patient education initiatives.
There are some limitations to this study. First, samples in this investigation were selected from a limited area in Western China with a relatively homogeneous population; therefore, the result may not be generalizable. Second, the measurement of treatment adherence was based on self-reported questionnaires, which may introduce recall bias. Third, the sample size was small, largerscale investigations should be carried out in the future.
Conclusion
In conclusion, we used the TASHP criteria to evaluate the risk factors associated with hypertension treatment adherence in Chinese hypertensive patients. A total of 72.54% of the study patients were nonadherent to antihypertensive treatment. Gender, residence, and the duration of hypertension were found to be the main factors affecting treatment adherence. We also found that gender, residence, occupation, and duration of antihypertensive drug use had significant effects on treatment adherence in certain categories. The education and awareness regarding hypertension knowledge need to be strengthened. Furthermore, the importance of lifestyle modifications in compliance with hypertension treatment needs to be emphasized.
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